The hot (10 7 to 10 8 kelvin), X-ray-emitting intracluster medium (ICM) is the dominant baryonic constituent of clusters of galaxies. In the cores of many clusters, radiative energy losses from the ICM occur on timescales much shorter than the age of the system [1] [2] [3] . Unchecked, this cooling would lead to massive accumulations of cold gas and vigorous star formation 4 , in contradiction to observations 5 . Various sources of energy capable of compensating for these cooling losses have been proposed, the most promising being heating by the supermassive black holes in the central galaxies, through inflation of bubbles of relativistic plasma [6] [7] [8] [9] . Regardless of the original source of energy, the question of how this energy is transferred to the ICM remains open. Here we present a plausible solution to this question based on deep X-ray data and a new data analysis method that enable us to evaluate directly the ICM heating rate from the dissipation of turbulence. We find that turbulent heating is sufficient to offset radiative cooling and indeed appears to balance it locally at each radius-it may therefore be the key element in resolving the gas cooling problem in cluster cores and, more universally, in the atmospheres of X-rayemitting, gas-rich systems on scales from galaxy clusters to groups and elliptical galaxies.
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Perseus and Virgo (also known as M87) are well-studied, nearby, coolcore clusters of galaxies in which the central cooling times, owing to the emission of X-rays, are an order of magnitude shorter than the Hubble time (Methods and Extended Data Fig. 1 ). X-ray observations show that the ICM in central regions of these clusters is disturbed, suggesting that it might be turbulent. The most likely drivers of this turbulence are mechanically powerful active galactic nuclei (AGNs) in the central galaxies of both clusters, which inflate bubbles of relativistic plasma in the ICM. During the inflation and subsequent buoyant rise of these bubbles, internal waves and turbulent motion in the gas can be excited [10] [11] [12] and must eventually dissipate into heat. To determine whether this heating is sufficient to balance radiative losses and prevent net cooling, one must estimate the turbulent heating rate-and for that, a measurement is needed of the root mean squared turbulent velocity amplitude V as a function of length scale l. Then the turbulent heating rate in the gas with mass density r is (dimensionally) Q turb , rV 3 /l to within some constant of order unity that depends on the exact properties of the turbulent cascade. (We use a tilde between two quantities to indicate order-of-magnitude equivalence.) Q turb has never previously been probed directly, mainly because of two difficulties. In this Letter, we propose ways of overcoming both, leading to an observational estimate of Q turb and the tentative conclusion that it is sufficient to reheat the ICM.
The energy resolution of current X-ray observatories is insufficient to measure gas velocities in the ICM, or their dependence on scale. Here we circumvent this problem by instead measuring gas density fluctuations and inferring from their power spectrum the power spectrum of the velocities. A simple theoretical argument, supported by numerical simulations, shows that in relaxed galaxy clusters, where the gas motions are subsonic, the root mean squared amplitudes of the density and onecomponent velocity fluctuations are proportional to each other on each scale l 5 k 21 within the inertial range 13, 14 : dr k /r 0 < g 1 V 1,k /c s , where r 0 is the mean gas density, c s is the sound speed and g 1 is the proportionality coefficient ,1 set by gravity wave physics on large, buoyancydominated scales 13 . Here we define V 1,k by 3V 1,k 2 /2 5 k 1 E(k 1 ), where k 1 5 2pk is the Fourier wave number and E(k 1 ) is the energy spectrum of the three-dimensional velocity field; dr k /r 0 is defined analogously in terms of the density fluctuation spectrum, but without the factor of 3/2. Unsharp-masked images of the Perseus cluster show ripple-like structures in the core, reminiscent of either sound waves 15, 16 or stratified turbulence 13, 17 (Methods). Here we investigate the consequences of the second of these possibilities (which may be more likely if the stirring of the ICM by the AGN ejecta is of sufficiently low frequency).
The high statistical precision obtained by Chandra in a 1.4 Ms observation of the Perseus cluster core makes this data set ideal for probing density structures over a range of spatial scales. Figure 1 shows the mosaic image and a residual image, made by dividing the mosaic image by a spherically symmetric b-model of the mean intensity profile with core radius 1.269 (equivalent to ,26 kpc at the distance of Perseus) and slope b 5 0.53 (Methods and Extended Data Fig. 2 ). Using the modified D-variance method 18 , we calculate the power spectra of surface brightness fluctuations in a set of concentric annuli (Extended Data Fig. 3 ), each with width 1.59 (31 kpc), and deduce from them the amplitudes of density fluctuations across a range of spatial scales. The typical dr k /r 0 at k 21 , 20 kpc varies from ,20% inside the central 1.59 (31 kpc) to ,7% at an angular distance of 10.59 (,218 kpc) from the cluster centre (I.Z. et al., manuscript in preparation). We have also performed a similar analysis for a ,600 ks Chandra observation of the Virgo cluster. Figure 2 shows examples of the velocity amplitudes V 1,k inferred from the density amplitudes dr k /r 0 using the relation g 1 V 1,k /c s < dr k /r 0 , in two different annuli for each of the two clusters. In these examples, over the range of spatial scales where the measurements are least affected by systematic and statistical uncertainties, V 1,k varies from ,70 km s 21 to ,145 km s 21 in Perseus. In the full set of seven annuli from the centre to 10.59 (,218 kpc), the range of velocities is larger, up to 210 km s 21 . In Virgo, the typical velocity amplitudes in all annuli are smaller, between 43 and 140 km s
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, but the corresponding spatial scales are smaller too. These (inferred) velocity spectra can be used to estimate the heating rate Q turb , rV 3 /l. The second difficulty mentioned earlier is that normally l here is taken to be the energy-containing scale of the turbulence, which is difficult to determine or even define unambiguously: in theory, several characteristic scales (for example the distance from the centre, various scale heights and the like) are present in the problem measured spectra (Fig. 2) do not necessarily offer clarity about the injection scale, because at low k they are dominated by large-scale inhomogeneities and the radial width of the chosen annuli. However, in a turbulent cascade, the energy spectrum in the inertial range should have a universal form depending only on k and the mean, density-normalized dissipation rate e 5 Q turb /r 0 . Assuming purely hydrodynamic 20 turbulence, the energy spectrum should be E(k 1 ) 5 C K e 2/3 k 1
25/3
, where C K < 1.65 is the Kolmogorov constant 21, 22 . The turbulent energy flux on any scale in the inertial range will be the same and equal to the mean dissipation rate: accounting for our conventions k 5 1/l 5 k 1 /2p and
, we obtain Q turb 5 r 0 e 5 C Q r 0 V 1,k 3 k, where C Q 5 3 3/2 2p/(2C K ) 3/2 < 5 is a dimensionless constant whose value should be treated as a fiducial number. Indeed, although the constant-flux, Kolmogorov-like nature of the turbulence is probably a good assumption, the specific constant C Q will depend on more detailed properties of the turbulent cascade (for example magnetohydrodynamic rather than hydrodynamic 23 ) and, in particular, on the types of fluctuation (velocity, magnetic, density 24 ) that carry the total injected energy flux to small scales. We will not be concerned here with a precise determination of C Q . It is clearly an orderunity number and it is also clear that our estimate for the turbulent heating rate can be used only if we identify, for each of the annuli where we calculated V 1,k , a k interval in which V 1,k 3 k stays approximately constant in k. Remarkably, our measured velocities are indeed consistent with
, accounting for the errors and uncertainties associated with finite resolution and with our method of extracting power spectra 25 . Because of order-unity uncertainties in the determination of Q turb , the question of the heating-cooling balance reduces to whether the local Q turb measured at each radius is comparable within an order of magnitude to the local cooling rate and, more importantly, scales linearly with it from radius to radius and between clusters. The answer, as demonstrated in Fig. 3 , is 'yes'. Here the gas cooling rate was evaluated directly from the measured gas density and temperature T: Q cool 5 n e n i L n (T), where n e and n i are the number densities of electrons and ions, respectively, and L n (T) is the normalized gas cooling function 26 . We see that, in all seven annuli in Perseus and all four in Virgo (which span the cluster cores in both cases), Q turb , Q cool over nearly three orders of magnitude in the value of either rate ( Fig. 3 and Methods). We note that in Virgo and Perseus similar levels of Q cool and Q turb are attained at physically different distances from the cluster centres. 
RESEARCH LETTER
Although these results are encouraging, the uncertainties associated with the above analysis are, admittedly, large (Methods). It is difficult to prove unambiguously that we are dealing with a universal turbulent cascade, because other structures (for example edges of the bubbles, entrainment of hot bubble matter 12 , sound waves 15, 16 , mergers and gas sloshing 27 ) might also contribute to the observed density fluctuation spectra. Rather we argue simply that the cluster cores appear disturbed enough that if these disturbances are indeed due to turbulence, then its dissipation can reheat the gas. At the very least, one may treat the amplitudes calculated here (Fig. 2) as an upper limit on the turbulent velocities. One of the major tasks for future X-ray observatories, capable of measuring the line-of-sight gas velocities directly, will be to verify the accuracy of these velocity amplitudes.
With this caveat, the approximate balance of cooling and heating (Fig. 3) suggests that turbulent dissipation may be the key mechanism responsible for compensating for gas cooling losses and keeping cluster cores in an approximate steady state. Although AGN activity is not the only driver of gas motions (mergers or galaxy wakes can contribute as well 28 ), it is plausible that AGNs have the dominant role in the central ,100 kpc, where the cooling time is short. If this is true then our results support the self-regulated AGN feedback model 10 , in which unchecked cooling causes accelerated accretion onto the central black hole, which responds by increasing the mechanical output, presumably in the form of bubbles of relativistic plasma. The bubbles then rise buoyantly, exciting internal waves in particular 11, 29 ; the energy from them is converted into turbulence, which cascades to small scales and eventually dissipates, reheating the gas.
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper.
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Author Information Reprints and permissions information is available at www.nature.com/reprints. The authors declare no competing financial interests. Readers are welcome to comment on the online version of the paper. Correspondence and requests for materials should be addressed to I.Z. (zhur@stanford.edu). Figure 3 | Turbulent heating (Q heat ) versus gas cooling (Q cool ) rates in the Perseus and Virgo cores. Each shaded region shows the heating and cooling rates estimated in a given annulus (top right, the innermost radius; bottom left, the outermost radius; Extended Data Fig. 3 ). The size of each rectangle reflects 1s statistical and stochastic uncertainties in heating, variations of the mean gas density and temperature across each annulus (affecting estimates of both cooling and heating) and the deviations of the measured spectral slope from the Kolmogorov law. 30 , applying the most recent calibration data. To obtain the thermodynamic properties of both clusters, the spectra are deprojected 31 and fitted in the 0.6-9 keV band, using the XSPEC 32, 33 code and APEC plasma model based on ATOMDB version 2.0.1. The spectral modelling approximates the emission from each shell as a single-temperature plasma in collisional equilibrium and assumes a constant metal abundance of half the solar value 34 . The X-ray mosaic image and its reduced counterpart for the Virgo cluster are shown in Extended Data Fig. 2 . The 0.5-3.5 keV band was used because it contains the dominant fraction of the cluster signal and because of the weak temperature dependence of the gas emissivity in this band. The image of relative fluctuations is obtained by dividing the mosaic image by a spherically symmetric b-model of the mean surface brightness profile taking a core radius of 0.349 5 1.7 kpc and a slope of b 5 0.39. Point sources have been excised from the images, using circles scaled according to the size of the combined point spread function. Extended Data Fig. 3 shows the set of annuli in Perseus and Virgo in which this analysis was performed. Mean profiles. Deprojected radial profiles of the electron number density n e and temperature T e are shown in Extended Data Fig. 1 for both clusters. Note that the properties of the two clusters are very different. In particular, the density in Virgo is a factor of ,3 (or more) lower than in Perseus at radii beyond ,10 kpc. The temperature in Virgo is also lower, by a factor of 1.5-2 at r < 10-20 kpc. Yet Q turb , Q cool in both clusters, as shown in Fig. 3 , suggesting a self-regulated mechanism such as, for example, the AGN feedback model 35 .
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METHODS
The mean mass density of the gas is r 0 5 (n e 1 n i )mm p 5 jmm p n e , where n i 5 (j 2 1)n e is the ion number density and m p is the proton mass. Consider a fully ionized plasma with an abundance of heavy elements 0.5 the solar value, j 5 1.912 and a mean particle weight of m 5 0.61. The cooling time is defined as ), k B is the Boltzmann constant and we assume identical ion and electron temperatures: T 5 T e 5 T i . The sound speed, treating the ICM as an ideal monatomic gas, is c s~ffi
Both t cool and c s are plotted in Extended Data Fig. 1 as functions of radius. It is manifest that t cool is shorter than the Hubble time in the central ,100 kpc. Note that the cooling time is at least 7-20 times longer than the characteristic free-fall time t ff in both clusters, defined in terms of the radius r and the gravitational acceleration g as t ff 5 (2r/g) 1/2 . Therefore, thermal instability is at most marginally important for the hot gas 36 . The cooling time t cool and the cooling rate Q cool have been calculated using a cooling function L n (T) for gas with solar metallicity. This is a conservative choice, because the dependence of the cooling function on metallicity is not strong and often can be neglected for typical ICM gas temperatures, ,2 3 10 7 -10 8 K. In addition, cluster-core metallicity measurements from X-ray spectra can be biased owing to the complexity of the spectral modelling of multi-temperature plasma. By accounting for radial metallicity variations in both clusters (based on the simplest onetemperature spectral model) and the consequent variation of the cooling function, the cooling rates shown in Fig. 3 and Extended Data Fig. 4 may be lower by a factor of 0.8 in Perseus and in the outermost annuli in Virgo, but higher by a factor of 2 in the innermost annuli in Virgo. Estimates of velocity and density required for heating-cooling balance. It is useful to have a-priori estimates of the fluctuation amplitudes required to make a heating-cooling balance plausible. Equating Q cool 5 n e n i L n (T) and Q turb 5 C Q r 0 V 1,k 3 k, the characteristic Mach number of the turbulent motions at scale l 5 1/k becomes Here we have referred all of the equilibrium quantities to their typical order-ofmagnitude values and used the fact that the normalized cooling function L n (T) is a weak function of the ICM temperature 26 , allowing us to adopt the mean value L n < 2.5 3 10 223 erg cm 3 s 21 (for a gas with solar metallicity). Because bubbles have typical sizes of ,5-20 kpc (ref. 8) , the value l , 10 kpc is a reasonable orderof-magnitude estimate of the outer scale for the ICM turbulence driven by such bubbles in cluster cores. Thus, the dissipation of turbulence with relatively low Mach numbers, Ma , 0.15, should be sufficient to balance the cooling of the gas in cores.
In view of the relationship dr k /r 0 < g 1 V 1,k /c s between the amplitudes of density and velocity fluctuations 13 , these Mach numbers correspond to dr/r 0 , 10%. These are indeed typical values of density fluctuations we see in galaxy clusters. Trivial part of the correlation between heating and cooling. Because the density explicitly enters the expressions for both the cooling rate and the turbulent heating rate, the linear correlation between these rates seen in Fig. 3 partly reflects the large range of mean densities at different radii (Extended Data Fig. 1 ). To show that the correlation is not due solely to this trivial part, we divide both Q cool and Q turb by the density r 0 and thus obtain the cooling and heating rates per unit mass (erg s 21 g 21 ) (Extended Data Fig. 4) . Although the range of values of both rates is now smaller, as expected, the correlation between them remains manifest. Systematic uncertainties in the measurement of density fluctuation amplitudes.
We start with the measurements of the surface brightness fluctuations based on broadband X-ray images 25 (I.Z. et al., manuscript in preparation), using the D-variance method 18, 37 . The variance on scale l estimated using this method corresponds to a convolution of the original power spectrum with a broad filter. For a Kolmogorovlike power spectrum, the method can overestimate 18 the amplitude of fluctuations by ,25%.
A more important source of uncertainty in the determination of the density power spectrum is the fact that dividing the cluster image into 'perturbed' and 'unperturbed' components is ambiguous, especially for a relatively steep perturbation spectrum like Kolmogorov's, whose integrated power is dominated by the largest scales 25, 38 . The b-model provides a reasonable description of the radial surface brightness profiles for Perseus and Virgo. It is therefore a sensible starting choice of unperturbed cluster model. Of course, more complicated models, for example projection of an ellipsoidal b-model or models with more sophisticated radial profiles, could be used as well. Adding more flexibility (more fitting parameters) to the model allows one to absorb more large-scale features of the image into the model surface brightness distribution. The net result of such improved fitting is that the measured power in the remaining perturbations will decrease on large scales, whereas the small-scale power will be less affected (provided the spectrum, E(k), is not steeper than k
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, which would correspond to the spectral tail of a smooth large-scale distribution; indeed, all our measured spectra are close to the Kolmogorov k 25/3 spectrum, which satisfies this constraint). This would cause the power spectrum to flatten at large scales. This model-dependent nature of the large scales is a feature of any division of the surface brightness variations into unperturbed and perturbed parts, including the case of the simplest b-model. This is why we expect that the estimates of the heating power based on turbulence measurements on small scales within the inertial range are probably more robust than estimates based on larger, outer scales. Our estimate of e is thus not very susceptible to the choice of the underlying model of the mean surface brightness profile.
The reconstruction of the three-dimensional power spectrum of density fluctuations P 3D from the two-dimensional power spectrum of the surface brightness fluctuations P 2D is another source of uncertainty. The geometrical factor f 2DR3D 5 P 2D /P 3D depends on the radial profile of the surface brightness 25 . We use the mean value of f 2DR3D for each annulus and conservatively estimate the uncertainties by comparing it with the factors for the inner and outer radii of the same annulus. The maximal uncertainty does not exceed 20% except for the innermost region of Virgo.
The random nature of density fluctuations is another source of uncertainty. The spectra we calculate are based on squared amplitudes averaged over each annulus. Given a (expected) large degree of intermittency of density fluctuations and the limited spatial extent of the annuli, one might ask how representative and how statistically converged (that is, well sampled) such annular averages are. For example, analysing fluctuations in small patches within the 39-4.59 (62-94 kpc) annulus in Perseus, we find dr k /r 0 at scales k 21 < 15 kpc varying in a relatively broad range from 3% to 10%. This difficulty in relating the root mean squared turbulence level to what happens (and what is observed) in any given location is unavoidable because one always observes only a single realization of the fluctuating field. To achieve statistical convergence, we perform our averages in relatively wide annuli. The results we report are robust in the sense that choosing twice broader annuli does not change the conclusions.
A related problem is associated with the weighting scheme used to calculate the amplitude of the fluctuations within each annulus by averaging an image after applying a filter that selects perturbations with a given spatial scale. The exposure maps of the images are not uniform and the brightness of the cluster itself also varies substantially across each annulus. The optimal weighting scheme for the reduction of Poisson noise would require the weights to be w 1 , t exp I 0 , where t exp is the exposure map and I 0 is the global b-model profile of the surface brightness. This means that those parts of the cluster that have higher numbers of counts would have larger weights. We have experimented with two other choices of weights: w 2 , t exp and w 3 5 1. These weights have larger statistical errors, but provide a more uniform scheme for evaluating the amplitudes of the surface brightness fluctuations across the image. For the analysis reported in this Letter, we used the uniform weight w 3 5 1. In most cases (except for the innermost regions of the two clusters), the uncertainty associated with the choice of the weights does not exceed 20%.
The vertical width ('error bars') of the spectra shown in Fig. 2 and Extended Data Fig. 4 reflects the 1s statistical uncertainty. The uncertainties discussed above slightly affect the shape of the spectra and may change the normalization by the factors estimated above (I.Z. et al., manuscript in preparation). The dark-shaded regions of the spectra in Fig. 2 and Extended Data Fig. 4b show the wavenumber ranges over which we deem the spectra to be determined reliably-these ranges were used to determine the turbulent cascade rate e in the manner described in the main text. The high-k limits of these ranges are set by the 'statistical' uncertainty (Poisson noise) or by the point spread function distortions of the amplitude (in both cases the uncertainty is less than 20% in the 'reliable' range). At low k, we limit our reliable k ranges by the wavenumbers where the spectra start flattening. The shape of the spectra at these scales is most probably determined by the presence of several characteristic length scales (for example distance from the cluster centre and scale heights) and by the large-scale uncertainties inherent in the choice of the underlying model of the unperturbed cluster and in using finite-width annular averaging regions. This flattening disappears or shifts to smaller k if thicker annuli are used. Systematic uncertainties in the density-velocity amplitude conversion. If the perturbations of the intracluster gas are small, one expects a linear relationship between the velocity V 1,k and density dr k /r 0 spectral amplitudes 13 :
with g 1 , 1 set by gravity wave physics. This assumes that the injection scale of the turbulence is larger than or comparable to the Ozmidov scale
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-the scale on which the turbulent eddy turnover timescale becomes shorter than the buoyancy (Brunt-Väisälä) timescale (that is, nonlinear advection becomes more important than the buoyancy response). Dimensionally, this scale is
, where N 5 c s /H is the Brunt-Väisälä frequency (H is the hydrostatic equilibrium scale height-we have omitted numerical factors and ignored the distinction between entropy, pressure and temperature scale heights) and e 5 Q turb /r 0 is the turbulent cascade rate. The relationship g 1 , 1 is inherited from large scales on all scales l , l O , where the density becomes a passive scalar 13 . Assuming that radiative cooling is balanced by turbulent heating, Q turb 5 Q cool , it is possible to make an a priori estimate of l O by letting e 5 Q cool /r 0 and using the local mean thermodynamic properties of the ICM to calculate Q cool , r 0 and N. We have done this for both clusters, for each of the annuli where we subsequently calculated Q turb (Extended Data Fig. 4) . In all cases, l O is within the range of scales (in some cases, comparable to the largest scales) over which velocity amplitudes were measured and used to calculate Q turb , and for which the conclusion that Q turb , Q cool was drawn. Therefore, our assumption of g 1 5 1 is at least self-consistent.
This assumption is also restricted to the inertial range, that is, to scales larger than any dissipative cut-offs. It is interesting to compare the smallest scales that we are probing with the Kolmogorov (dissipative) scale l K 5 n , where n is the kinematic viscosity calculated for unmagnetized gas (which is approximately the same as the parallel viscosity for a magnetized plasma 40 ). In all regions considered in this work, the Kolmogorov scale is much smaller than the smallest scale used by us for the determination of the cascade rate. In the regions shown in Extended Data Fig. 4 , l K < 0.5 and 2 kpc (k K < 2 and 0.5 kpc Cosmological simulations of galaxy clusters confirm that g 1 < 1 with a scatter of 30% (ref. 13 ). Hydrodynamic simulations with controlled driving of turbulence also show that g 1 < 1, provided that thermal conduction is suppressed 14 . The 30% scatter in the value of g 1 gives a factor of 0.3-2 uncertainty in the heating rate.
We conclude that the cumulative uncertainty in the estimated heating rate is a factor of ,3. Although this uncertainty is large, the approximate agreement between heating and cooling rates is an interesting result, reinforced by the fact that the two rates are not only numerically comparable to each other but are also linearly correlated. A more rigorous test will become possible with direct measurements of the velocity field by future X-ray observatories. Theoretical uncertainties: the nature of ripples and ICM heating theories. Unsharpmasking of the Perseus image shows rough concentric rings, or 'ripples', in the surface brightness 15 . The observed morphology of these features, namely narrow in the radial direction and wide in the azimuthal direction, suggests two plausible possibilities: concentric sound waves 15 or stratified turbulence 13, 17 . In the first case, the radial scale of the ripples should be determined by the time variability of the central AGN activity (factors include the intervals between outbursts, the excitation of multiple sound waves by vortices arising during each bubble inflation episode 16 , the distance from the centre and the ICM properties). In contrast, in the case of stratified turbulence, the radial scale Dr will be determined by the ratio of the characteristic scale height H in the atmosphere and the velocity amplitude V: Dr , HV/c s . Here we assume the second scenario and defer the detailed analysis of the nature of the substructure to a future publication.
Many other models of ICM heating, which could in principle offset radiative cooling in cluster cores, have been suggested. They differ widely in their presumed primary source of energy and in how this energy is channelled to the ICM. A brief and incomplete list of the broad classes into which these models fall is as follows: (1) source: thermal energy of the cluster gas; channelling mechanism: conductive heat flux to the core 41, 42 ; (2) source: cluster mergers; channelling mechanism: turbulence 28, 43 ; (3) source: galaxy motions; channelling mechanism: turbulence 28, 29, 44, 45 ; (4) source: central AGN; channelling mechanism: shocks and sound waves 15, 46 , turbulent dissipation 47, 48 , turbulent mixing 49 , cosmic rays 50, 51 , radiative heating 52, 53 , mixing of gas between ICM and the hot content of bubbles 12 and so on. Given the multiplicity of possible scenarios, a detailed discussion and comparison of these models or even a complete list of references is beyond the scope of this Letter. We refer the reader the reviews in refs 7, 8 and references therein. The content of this Letter is focused on the energy channelling mechanism rather than the energy source. Note that, along with turbulent dissipation, turbulent heat conduction might also have a role in the cooling-heating balance. It can be shown, however, that in cluster cores, and assuming either stratified or isotropic turbulence, its contribution cannot be much larger than that of the turbulent heating (A.A.S. et al., manuscript in preparation).
